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Abstract. The aim of this study was to determine the Fe and Zn concentrations in some leafy 
vegetables (cabbage, spinach, celery and lettuce) and in their growing soil collected from sites with 
different industrial activity; in fruiting body of wild edible mushrooms (Armillariella mellea) and in 
their substrate (soil) collected at different distances by a metal smelter, by using energy dispersive X-
ray fluorescence (EDXRF) technique. 
A quantitative evaluation of the relationship of Fe and Zn uptake by the vegetables and 
mushrooms from soil was made by calculating the coefficient accumulation Ka. The results reveal that 
lettuce is a accumulator of Fe and Armillariella mellea  is a  accumulator  of Zn.  
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INTRODUCTION 
 
Vegetables and mushrooms are an important part of human diet (Hanif et al., 2006). 
Studies on heavy metal uptake revealed that vegetables and mushrooms grown at 
environmentally contaminated sites could take up and accumulate metals at concentrations 
that are toxic to human health (Cocchi et al., 2006; Kumar et al, 2009). Different studies were 
conducted on the accumulation of heavy metals from soil to the vegetables and mushrooms 
(Kabata et al., 1999; Radulescu et al., 2010).  
   In the present study different samples: i) leafy vegetables: cabbage, spinach, celery 
and lettuce together with their growing soil collected from sites with different industrial 
activity and ii) fruiting body of wild edible mushrooms (Armillariella mellea) together with 
their substrate (soil) collected at different distances by a metal smelter, were  analysed using 
energy dispersive X-ray fluorescence spectrometry (EDXRF) (Jenikins et al., 1998; Manso et 
al., 2007; Winefordner et al.,1999) to determine the Fe and Zn concentrations.  
The industrial activity sources from collecting areas are: a metal smelter and a thermal 
power plant in Dambovita County. 
  
MATERIALS AND METHODS 
 
Sample collection and preparation 
Matured leaves of vegetable, from areas with different industrial activity from 
Dambovita County, Romania, were sampled at early maturity, were cleaned with deionised 
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water, dried in an oven at 45 0C and then  ground to fine powder. From the same collecting 
point were taken n=5 samples for each type of vegetable. 
Fruiting bodies of young wild edible mushrooms (Armillariella mellea) were collected 
at different distances (0.5 km, 4.5 km and 10.5 km) from a metal smelter in Dambovita 
County, Romania, in the same direction of wind. After harvesting, the fresh mushrooms were 
cleaned with deionised water to remove the soil particles, dried at 45°C and then ground to 
fine powder. From the same collecting point were taken n=5 samples of mushrooms. 
Soil, from the vegetables and mushrooms growing sites, was sampled from 0-5 cm 
depth, was dried in an oven at 70 0C and after that was ground to fine powder. From the same 
collecting point were taken n=5 samples of soil. 
For EDXRF analysis, samples were prepared with the obtained powder, and pressed 
into pellets 2.0 cm in diameter and without any chemical treatment. Each pellet was glued 
onto a Mylar film, on a sample holder and placed directly on the X-ray beam for a elemental 
determination. 
 
Experimental setup 
 
The EDXRF spectrometer used in this work to quantify Fe and Zn was an ElvaX 
spectrometer having a X-ray tube with Rh anode, operated at 50 kV and 100µA. Samples 
were excited for 600 s and the characteristic X-rays were detected by a multichannel 
spectrometer based on a solid state Si-pin-diode X-ray detector with a 140 µm Be window and 
a energy resolution of 200eV at 5.9 KeV. Quantitative calculations were made by the 
regression coefficient method (Winefordner et al.,1999).  All concentrations were reported as 
mg/kg dry weight of material 
Accuracy (Citac/Eurachem, 2002; Eurachem / Citac, 2003) was checked by analysis of 
certified materials (NIST-1515: apple leaves and GBW 07406: soil). In the case of the 
concentration for Fe and Zn obtained by EDXRF good agreements were achieved between 
certified values and data obtained, with recoveries ranging from 98-104%.  
The pH of soil was determined, according to ISO 10390:2005 method, with a pH 
meter Consort P501 at room temperature. 
 
RESULTS AND DISCUSSIONS 
 
 The mean concentrations (mg/kg, dry weight)  of Fe and  Zn  found in leafy vegetables 
are presented in the table 1 and the mean concentrations ( mg/kg, dry weight) of the same 
elements found in soil are presented in table 2.  
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Tab. 1 
 
Mean concentrations (mg/kg d.w.) of  Fe and Zn in leafy vegetables 
 
Mean concentration  (mg/kg d.w) 
Sample number/sample type/industrial activity area  Fe  Zn 
1/cabbage/metal smelter(n=5) 124.15 42.71 
2/spinach/metal smelter (n=5) 1130.1 48.53 
3/cellery/metal smelter (n=5) 475.21 45.89 
4/lettuce/metal smelter (n=5) 6380.7 58.5 
5/cabbage/thermal power plant (n=5) 98.5 31.8 
6/spinach/thermal power plant (n=5) 532.63 35.91 
7/cellery/thermal power plant (n=5) 105.42 31 
8/lettuce/thermal power plant (n=5) 4010.91 37.12 
Recom. max. limits (MLR)  for vegetables (Weight, 1991)  425.5 99.4 
RDS% 3.2-11.5 5.8-12.1 
 
 Tab. 2 
 
 Mean concentrations (mg/kg d.w.) of metals in soil 
 
Mean concentration  (mg/kg d.w) 
Sample type//industrial activity  Fe  Zn 
surface soil (0-5cm)/metal smelter (n=5) 6458.1 130.7 
surface soil (0-5cm)/thermal power plant (n=5) 4571.2 71.02 
Maximum levels (national law 756/1997) 3000-4500  300-700  
RDS% 7.4 -12.5 8.5 -12.7 
 
The concentrations of Fe and Zn in leafy vegetables were compared with the 
recommendable maximum limits (MLR). Only Fe was found higher then MLR  for the lettuce 
and spinach samples. The concentration of the leafy vegetables growing soil were compare 
with the maximum permitted levels according with a national law 7561/1997. The 
concentration of Fe in soil from the metals smelter area sampling was found higher then the 
maximum permitted levels. 
The Fe and Zn contents of Armillariella mellea fruiting body mushrooms are given in 
table 3. In Armillariella mellea fruiting bodies the Fe and Zn level ranged from 432-745 and 
80.5-158.2 mg/kg d.w. 
 By measuring the pH of the soil samples it were found to be a slightly acids (pH 
ranged from 6.35 to 6.90) which can conclude that the accumulation of metals is species 
depending. 
The coefficient of accumulation of Fe and  Zn  in leafy vegetables and mushrooms was 
calculated using relation:  
 
 
 
 where Cm is the concentration of the metal in leaves of vegetables or in fruiting body 
of mushrooms and  Cs is the concentration of the metal in soil. 
s
m
a C
CK =
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The values of this coefficient are presented in table 4 and table 5. The condition for a 
plant or mushroom to be considered accumulator or hyperaccumulator biosystem is 1>aK  
[Scragg, 2005]. The results reveal that:   lettuce is a accumulator of  Fe and Armillariella 
mellea  is a  accumulator  of Zn.  
Tab. 3 
 
Mean concentration of heavy metals in Armillariella mellea fruiting body and their substrate (mg/kg 
d.w) 
 
Mean concentration  (mg/kg d.w) Distance from  
metal smelter (km) 
Sample 
(n=5) 
Fe Zn 
Armillariella mellea 745.00 158.20 
0.50 Substrate 
soil 
6650.07 113.26 
Armillariella mellea 539.00 124.00 
4.5 Substrate 
soil 
 
5784.00 93.50 
Armillariella mellea 432.00 80.50 
10.50 Substrate 
soil 
4032.00 52.34 
RDS % 5.7-13.9 3.6-8.2 
 
Tab. 4 
 
Ka - accumulation coefficient of metals in leafy vegetables 
  
Sample number/sample type/ 
industrial activity area Ka-Fe Ka-Zn 
1/cabbage/metal smelter(n=5) 0.019 0.318 
2/spinach/metal smelter (n=5) 0.177 0.362 
3/cellery/metal smelter (n=5) 0.064 0.342 
4/lettuce/metal smelter (n=5) 0.988 0.429 
5/cabbage/thermal power plant (n=5) 0.021 0.436 
6/spinach/thermal power plant (n=5) 0.120 0.492 
7/cellery/thermal power plant (n=5) 0.027 0.425 
8/lettuce/thermal power plant (n=5) 0.877 0.509 
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Tab. 5 
 
Ka - accumulation coefficient of heavy metals in Armillariella mellea fruiting body 
 
Distance from  
metal smelter (km) 
K a  - accumulation coefficient 
 Fe Zn 
0.5 0.11 1.39 
4.5 0.09 1.32 
10.5 0.10 1.53 
 
 
CONCLUSIONS 
 
 In this work we have performed EDXRF analysis to determine the concentrations of Fe 
and Zn in the leafy vegetables and mushrooms, considered to have of high importance for 
human consumption.  
 Energy Dispersive X-ray Fluorescence (EDXRF) technique is a promising analytical 
technique for simultaneous determination of chemical composition in different samples as an 
alternative to the classical destructive analytical methods. 
An important conclusion of this work is the fact that lettuce is the most accumulator of 
Fe. The coefficient of accumulation of Fe for Armillariella mellea   is 1>aK , which shows 
the high capacity of these mushrooms to accumulate Zn. 
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